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Abstract 
Scheduling university timetabling for large numbers of students is a difficult task especially to ensure no overlapping. Most
of timetables are prepared manually, or at best with the help of a spreadsheet program. However, a manual process requires 
numbers of verification by domain experts (for example lecturers, supervisors) before it can be approved. In this research, 
we focus on a solution to the university timetabling problem. We will consider various soft and hard constraints of time 
tabling parameters such as a number of subjects (“subject”), a number of lecture or tutorial sessions (“time slots”), a 
number of classrooms (“sessions”), number of teachers (“teacher”), number of students (“student”) and number of 
workloads (“workload”). We use methods based on simulated annealing to obtain optimal and sub-optimal solutions to 
scheduling problems. We will illustrate our work on timetabling issues of Tamhidi Programme at Universiti Sains Islam 
Malaysia as our case study. 
© 2013 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Timetabling is a certain type of scheduling problem that has been relies since 1996 [16]. Such problems arise in a 
wide variety of domains including education (e.g. program timetabling), healthcare institutions (e.g. nurse duty 
roster), transport (e.g. bus timetabling) and sport (e.g. games timetabling). Wren [16] described timetabling as the 
problem of placing certain resources example as subject to constraints, into a limited number of time slots and 
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places, with the aim is to satisfy a set of stated objectives to the highest possible extent. In addition, [16] emphasizes 
that scheduling often aims to minimize the total cost of resources used, while timetabling often tries to 
achieve the desirable objectives as nearly as possible. This general representation is a broadly accepted description 
of the class of timetabling problems.  
Effective scheduling of courses’ timetable at universities is crucial for an efficient utilization of human and space 
resources. Human resources include students, teachers and support staffs, whilst space resources include classes, 
rooms and laboratories. Generally known as a timetabling problem, it involves the scheduling of classes, students, 
teachers and rooms at a fixed number of time-slots, subject to a certain number of constraints set by the university. 
Traditionally, the problem is often solved manually by trial and hit method, where a valid and effective timetable 
solution is not guaranteed. This may create problems where, for example, a single unavailability of a classroom will 
affect the whole teaching process and a manual rescheduling of the timetable may need to be done all over again. 
Even if a valid timetable solution is found, it is likely to increase the cost involved during rescheduling process, and 
more importantly, to miss a possible far better and more effective solutions. These uncertainties have therefore 
remained as the main motivation for the scientific study of the problem for the four decades.  
Heuristic search can been used in the timetabling which the basic timetabling problem is to assign time-slots, 
teachers, students, and rooms to a collection of classes and other meetings in such a way that none of the participants 
is required to attend two meetings simultaneously. Real instances can be very large, with hundreds of participants 
and hundreds of meetings squeezed into a week of about forty meeting times; and they have additional requirements 
of various [8].  
Various heuristic search methods have been used in dealing with timetabling and scheduling issues. Leon 
Bambrink [2] uses Genetic Algorithms to find the optimal solution to the problem of lecturer timetabling at 
University Queesland. [10] use multi-objectives with evolutionary algorithms for complex timetabling problems.  
Several other techniques have been used to automatically generate university timetables, including graph colouring 
heuristics [3], tabu search [9], simulated annealing [11], evolutionary algorithms [5] and case-based reasoning [4]. 
Hyper heuristic approaches have recently been applied to timetabling problems [7]. In [6], a tabu search based 
hyper-heuristic was applied to both a nurse rostering problem and a university course timetabling problem, and in 
addition [7] propose a case-based reasoning hyper-heuristic system for the course timetabling problem. Bai and 
Kendall [1] use a multi-heuristic simulated annealing for the one-dimensional been packing problem. 
In our work, we will consider various soft and hard constraints of time tabling parameters such as a number of 
subjects (“time-slot), a number of classrooms (“sessions”) and number of teachers (“teacher”). We use methods 
based on simulated annealing to obtain optimal fitness function to scheduling problems. We will illustrate our work 
on timetabling issues of Tamhidi Program at Universiti Sains Islam Malaysia as our case study. This is only our 
preliminary study on Time Tabling at Tamhidi Program. 
The remainder of this paper is organized as follows: Section 2 describes the work in optimum fitness function. 
Section 3 explains on problem statement at the same time hard and soft constraints. Section 4 presents the proposed 
approach, algorithm and pseudo. Finally, Section 5 presents some conclusions and suggestions for future work. 
2. Introduction 
Heuristics are generally used to find an approximate, “good” solution in large-size problem instances. In general, 
heuristics do not find the real best solution. However, they are designed to solve an actual problem well enough 
[15]. Heuristics are a popular approach to finding “acceptable” solutions for solving complex problems, in science 
and engineering. The range of possible solutions can be seen as a "landscape" where each solution is a "location". 
While looking for a better solution the search can exploit as so called fitness function, cost function or objective 
function. Depending on the problem in hand, we might be looking for a global optimum (peak) or a global minimum 
(valley) in the landscape of solutions. Local search algorithms explore this landscape. A complete local search 
algorithm always finds a target if one exists; an optimal algorithm always finds a global minimum or maximum 
[14]. Each specific problem is accompanied by a unique search space. Different "landscapes" are created by the 
different search operators used to search it. An important concept here is that of a neighborhood, that is, solutions 
that do not differ significantly [13].  
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The quality of the fitness function determines how well a program can solve a certain problem. Importantly, there 
are two main classes of problems, those where the fitness function does not change and those where the fitness 
function changes during the search process. A fitness function is an objective function designed according to the 
problem in hand. In this work, our goal is to optimize the resources in producing the optimum timetable. The 
processes of identifying the optimum fitness function as shown in Fig. 1.  
 
Formulate Model Optimize Testing Implement
 
Fig. 1. (The classical process of decision making in an optimization model [15]. 
3. Introduction 
Tamhidi Program of USIM is a program for SPM leavers that aim to prepare its students to the first degree level. 
Tamhidi is an Arabic word, which means “preparation” that has the same meaning with ‘matriculation” or 
“foundation program”. Tamhidi is a one-year program (two semesters) to prepare candidates with SPM (O’ Level) 
for admission into the undergraduate programs offered by the USIM. There are five programs in Tahmidi namely: a) 
Tamhidi for Medicine (TM), b) Tamhidi for Dentistry (TD), c) Tamhidi for Science and Technology (TST), d) 
Tamhidi for Syariah and Law (TSU) and e) Tamhidi for Accounting and Muamalat (TAC). Currently, Tamhidi has 
approximately 800 Tamhidi students. In each semester, the students have to take 25 credits with minimum of 6 
subjects. At the moment, the development of timetable requires the administration to schedule a number of subjects 
(“subject”), a number of tutorial and lectures sessions (“time slots”), a number of classrooms (“session”), a number 
of teachers (“teacher”), and a number of workloads per teacher (“workload”) so as to satisfy the students and 
teachers. In order to develop the course timetable, we have to consider several inputs. We grouped the inputs into 
three categories: 
x Subject  
o Number of Program – 5 programs which is Medical, Dentistry, Science and Technology, Syariah 
and Law lastly Accountancy. 
o Number of Semesters –2 semesters 
o Name of Subject – Physics, Chemistry, Law, English, Account 
o Credit Value of each Subject – 2, 3 or 4 credits 
o Mode of Teaching Delivery – Lecture, tutorial or lab 
o Type of Subject – Science, non-science, language 
 
x Staff  (Teacher) 
o Number of lecturers – 27  
o Academic qualification – English, Physics, Biology, Law 
o Number of lecturer per subject 
o Workload of each lecturer – 18-20 hours (lecturer without any administration post),  10-12 hours 
(lecturer with an administration post) 
 
x Facilities/Infrastructure 
o Room Capacity and Location 
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o Academic Calendar – 23 weeks per semester( 18 weeks of lecture, 1 week of semester break, 1 
week of study week, 1 week of final examination) 
o Number of student per program 
o Maximum number of student per class (lecture, tutorial, lab) 
o Timetable period per day – 8.30am – 5.30pm (Monday-Thursday) or 8.30 – 12.30pm (Friday) 
o Number of lecture groups, tutorial groups, lab groups per program 
o Number of part-time teachers required per semester 
 
Therefore, in our work, we need to exploit a better solution in searching the “best” time slot and the “best” 
classes by measured by the quality of the fitness function. The quality of the fitness function determines how well a 
program can solve a certain problem where in our contact, scheduling problem. Currently, class scheduling has been 
a challenging problem to Tamhidi. Issues such as overlapping schedules, time constraints, poor resource utilization, 
limited number of teachers and resources are still unresolved in every semester.  
 
3.1. Hard constraints 
In this work we will identify the hard and soft constraints in Tamhidi’s time tabling and model the fitness 
function that suits Tamhidi classes scheduling. During the construction of a timetable we need to take different 
constraints into account. These hard and soft constraints may be conflicting in the sense that an attempt to satisfy 
one of the constraints can lead to the violation of another. In order to satisfy our goal to provide an algorithm that 
can be used as an engine for the development of an optimized timetable at every academic year. 
The hard constraints as: 
x No student should be assigned with two or more classes in one timeslot. 
x No lecturer should be assigned with two or more classes in one timeslot. 
x No room should be assigned with two classes in one timeslot. 
 
3.2. Soft constraints 
Soft constraints are those that it is desirable to satisfy, but they are not essential. In real-world University 
timetabling problems it is usually impossible to satisfy all of the soft constraints. In reality, the course timetabling 
problem is often much more complex [12]. This is only a preliminary study for teacher time slot, subject and 
classroom 
Soft constraints that it is desirable to satisfy, but they are no essential meet by the University as stated below: 
 
a) An event (p,q) should occupy precisely one space-time slot (c,t) show in Equation 1 
b) A teacher (p) should have at most one class (c) at time show in Equation 2 
c) A class (c) should have at most one teacher (p) at time show in Equation 2 
 
N(x,y)  = Is the matrix which represents a teacher with subjects onto a slot and class 
 
For the soft constraints an event (p,q) should occupy precisely one space-time slot (c,t) as stated where teacher 
class (p,q) mapping into slot (c,t) and the results will store at new matrix N(x,y). The condition as stated below 
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4. Simulated Annealing Algorithms 
4.1. Approach 
 In our work, we will follow the classical process as describe by [15]: 
 
a) Data collection  
x Conduct an interview with the administration staffs, teachers and students.  
x Analyze data from the previous semesters, preferably for the past two years.  
b) Formulate  
x Study the existing model of the fitness function based on the current hard and soft constraints used 
in generating the time tabling as show in the Equation 2 
x Identify, formulate and revise the hard and soft constraints in Tamhidi’s time tabling.  
c) Model  
x Model the optimum fitness function with the Simulated Annealing Method as show in the 
Algorithm 2. 
d) Testing  
x The algorithm with the proposed fitness functions in the Equation 2. 
 
e) Implementation  
x Develop the time table system using the optimum fitness function based on Simulated Annealing 
Method for solving Tamhidi timetabling issues 
 
4.2. Fitness Function 
Below is the fitness function that will be used in the time tabling system 
 
Tp = The number of Teacher in the Tamhidi 
Tq = The number of subject that should be taken by the student 
Sc  = The number of class rooms available 
St = The number of time periods available 
Nx = New time slot for teacher 
Ny = New time class available for the subjects 
 
Where Tp teaches give lecturers to each of the Tq classes using the available space time slot without conflicts the 
space of classes, room or time. 
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Fig. 2. Show the example of Teacher Time Table T(p,q) 
 
            
            
            
    
MSC01 
(8.00 – 11.00)       
            
            
            
            
            
            
 
 
Fig. 3. Show the example of Slot required and the classroom S(c,t) 
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Fig. 4. Show the example of  New Automated Timetabling N(x,y) 
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4.3. Simulated Annealing 
SA is a probabilistic method to find the global minimum or maximum of a cost function that may possess 
several local minima or maxima [18]. The usefulness of SA algorithm lies in the fact that it is able to escape local 
minima and maxima. Several parameters need to be included in an implementation of SA. These are summarized 
nicely by David and Harel [17]: 
a) The set of configurations as starting points, or states of the system, including an initial configuration (which 
is often chosen at random). 
b) A general rule for new configurations, which is usually obtained by defining the neighbourhood of each 
configuration and choosing the next configuration randomly from the neighbourhood of the current one. 
c) The target, or cost, function, to be minimised over the configuration space (This is the analogue of the 
energy) 
d) The cooling schedule of the control parameter, including initial values and rules for when and how to 
change it. (This is the analogue of the temperature and its decreases). 
e) The termination condition, which is usually based on the time and the values of the cost function and/or the 
control parameter.  
 
Below is the structure of the SA algorithm from [19]. There are a number of distinguished features. First, the 
stochastic SA has only one loop. In the SA, there is no need to repeat iterations starting from different random 
points. Second, the newly selected point is “accepted” with some probability p. This means that the rule of moving 
from the current point Vc to the new neighbours, Vn, is probabilistic. It is possible for the new accepted point to be 
worse than the current point. However, the probability of acceptance depends on the difference in merit between 
these two competitors for example eval(Vc)-eval(Vn) as shown in the Equation 3, and on the value of an additional 
parameter T. T remains constant during the execution of the algorithm. 
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procedure simulated annealing 
  Input: Read table that consists of number of teacher, number of         
         subject, class rooms available 
         T0 Starting temperature 
         Iter Number of iterations 
          λ The cooling rate 
(1) Set T = T0 
(2) Set f = Equation 2 
(3) Let x = a random solution 
(4) For i = 0 to Iter-1 
(5)    Let f = Fitness of Equation 2 
(6)    Condition form Equation 1 until it meet the  
   condition 
(7)    Make a small change to x to make x’ 
(8)    Let f’ = fitness of new point x’ 
(9)    If f’ is worse than f then 
(10)       Let p = PR(f’,f,Ti) 
(11)       If p < UR (0,1) then 
(12)          Reject change (keep x and f) 
(13)       Else 
(14)          Accept change (keep x’ and f’) 
(15)       End If 
(16)    Else 
(17)       Let x = x’ 
(18)    End If 
(19)    Let Ti+1 = λTi 
(20) New timeslot for teacher and available subjects 
(21) End For 
  Output: The solution x 
 
Algorithm 1: SA Algorithm  
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5. Conclusion 
This paper presented an overview of a simulated annealing method use for solving university timetabling issues. 
It emphasized a number of important issues on the development of more general approaches to timetabling or 
scheduling problems. These issues are discussed and evaluated in the context of Tamhidi course timetabling. Here 
we present a preliminary work to establish an optimum fitness function based on simulated annealing evaluation for 
solving timetabling issues. Our initial work considers various hard and soft constraints as described in Section 4. 
More works will be performed to obtain a “good” or optimum fitness function, where more testing and simulation 
need to be conducted.  We believe the use of simulated annealing will gives an optimum solution to the problem. 
This makes simulated annealing an attractive option for optimization problem. It is hoped the proposed fitness 
function will produce better results and good quality of timetable. We also hope that the presented approach can be 
used in a wide variety of other timetabling or scheduling problems from different domains. 
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